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such pumps rated at 18.9 L/min (5 gpra) @15" Hg, are (i) 
flexible-irapeller centrifugal pumps, e.g. Jabsco #30510- 
2003; (ii) air operated diaphragm pumps, e.g. Wilden M2; 
(iii) progressing cavity pumps, eg. Ramoy 3561; and (iv) 
hosepumps, e.g. Waukesha SP 25. 

The skein may also be potted in a header which is not a 
rectangular prism, preferably in cylindrical upper and lower 
headers in which substantially concentric arrays of fibers are 
non-removably potted in cylindrical permeate pans, and the 
headers are spaced apart by a central gas tube which 
functions as both the spacer means and the gas-distribution 
means which is also potted in the headers. As before, the 
fibers are restrictedly swayable, but permeate is withdrawn 
firom both upper and lower headers through a single perme- 
ate pan so that all connections for the skein, when it is 
vertically submerged, are from above. Permeate is prefer- 
ably withdrawn from the lower permeate pan through a 
central permeate withdrawal mbc which is centrally axially 
held within the central gas (air) tube. The concentric arrays 
are formed by wrapping successive sheets of flat arrays 
around the central air-tube, and gluing them together before 
they are potted This configuration permits the use of more 
filtration surface area per unit volume of a reservoir, com- 
pared to skeins with rectangular prism headers, using the 
same diameter and length of fibers. 

EXAMPLE 

Microfiltration of an activated sludge at 30® C. having a 
concentration of 25 g/L (2.5% TSS) is carried out with a 
skein of polysulfone fibers in a pilot plant tank. The fibers 
are "air scrubbed" at a flow rate of 12 CFM (0.34 m^/min) 
with a coarse bubble diffiiser generating bubbles in the range 
from about 5 mm to 25 nam in nominal diameter. The air is 
sufficient not only for the oxidation requirements of the 
biomass but also for adequate scrubbing. The fibers have an 
outside diameter of 1.7 mm, a wall thickness of about 0.5 
mm, and a surface porosity in the range from about 20% to 
40% with pores about 0.2 ^un in diameter, both latter 
physical properties being determined by a molecular weight 
cut ofl' at 200,000 Daltons. The skein which has 1440 fibers 
with a surface area of 12 is wall-mounted in the tank, the 
vertical spaced apart distance of the headers being about 1% 
less than the length of a fibfer in the skein. The opposed ends 
of the fibers are potted in upper and lower headers 
respectively, each about 41 cm long and 10 cm wide. The 
fixing material of the headers is an epoxy having a hardness 
of about 70 Shore D witii additional upper an lower laminae 
of softer polyurethanc (about 60 Shore A and 30 Shore D 
respectively) above and below the q>oxy lamina, and the 
fibers are potted to a depth sufficient to have their open ends 
protrude from the bottom of the header. The average trans- 
membrane pressure differential is about 34.5 kPa (5 psi). 
Permeate is withdrawn through lines connected to the col- 
lection pan of each header with a pun^) generating about 
34.5 kPa (5 psi) suction. Permeate is withdrawn at a specific 
flux of about 0.7 Im^h/kPa yielding about 4.8 l/min of 
permeate which has an average turbidity of <0.8 MTU. 
which is a turbidity not discernible to the naked eye. 

It will now be evident that the membrane device and basic 
separation processes of this invention may be used in the 
recovery and separation of a wide variety of commercially 
significant materials, some of which, illustratively referred 
to, include the recovery of water from ground water con- 
taining micron and submicron particles of siliceous 
materials, preferably "gas scrubbing" with carbon dioxide; 
or, the recovery of solvent from paint-contaminated solvent 
In each application, the choice of membrane will depend 



upon the physical characteristics of the materials and the 
separation desired. The choice of gas will depend on 
whether oxygen is needed in the substrate. 
In each case, the simple process comprises, disposing a 
5 skein of a multiplicity of hollow fiber membranes, or fibers 
each having a length >0.5 meter, together having a surface 
area >1 m^, in a body of substrate which is unconfined in a 
modular shell, so that the fibers are essentially restrictedly 
swayable in the substrate. The substrate is typically not 
10 under pressure greater than atmospheric. The fibers have a 
low transmembrane pressure differential in the range from 
about 3.5 kPa (0.5 psi) to about 350 kPa (50 psi), and the 
headers, the terminal portions of the fibers, and the ends of 
the fibers are disposed in spaced-apart relationship as 
15 described hereinabove, so that by applying a suction on the 
aft face of at least one of the headers, preferably both, 
permeate is withdrawn through the collection means in 
which each header is mounted in fluid-tight conununication. 
Having thus provided a general discussion, and specific 
20 illustrations of the best mode of constructing and deploying 
a membrane device comprising a skein of long fibers in a 
substrate from which a particular component is to be pro- 
duced as permeate, how the device is used in a gas-scrubbed 
skein, and having provided specific illustrative systems and 
25 processes in which the skein is used, it is to be understood 
that no undue restrictions are to be imposed by reason of the 
specific embodiments illustrated and discussed, and particu- 
larly that the invention is not restricted to a slavish adher- 
ence to the details set forth herein. 
30CA'>We claim: 

1. In a microfiltration membrane device, for withdrawing 
permeate essentially continuously from a multicomponent 
liquid substrate while increasing the concentration of par- 
ticulate material therein, said membrane device including: 
a nuiltiplicity of hollow fiber membranes, or fibers, 
unconfined in a shell of a module, said fibers together 
having a surface area >1 m^ said fibers being swayable 
in said substrate, said fibers being subject to a trans- 
membrane pressure differential in the range from about 
0.7 kPa (0.1 psi) to about 345 kPa (50 psi), and each 
fiber having a length >0.5 meter, 
a first header and a second header disposed in transversely 
spaced-apart relationship with said second header 
within said substrate; 
said first header and said second header having opposed 
terminal end portions of each fiber sealingly secured 
therein, all open ends of said fibers extending from a 
permeate-discharging face of at least one header; 
permeate collection means to collect said permeate, seal- 
ingly connected in open fluid conmiunication with a 
permeate-discharging face of each of said headers; 
and, means to withdraw said permeate; 
the in^rovemcnt comprising, 
55 said fibers, said headers and said permeate collection 
means together forming a vertical skein wherein said 
fibers are essentially vertically disposed and terminal 
end portions of individual fibers are potted in proxi- 
mately spaced-apart relationship in cured resin; 
60 said first header being upper and disposed in vertically 
spaced-apart relationship above said second header, 
with opposed faces at a fixed distance; 
each of said fibers having substantially the same length, 
said length being from 0.1% to less than 5% greater 
65 than said fixed distance so as to permit restricted 
displacement of an intermediate portion of each fiber, 
independently of the movement of another fiber. 
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ZJteincnitaMedeviaof saM ga*<KsJribiition means is located wiflnn a zone near 

3. Tie xnentoBe device of daim 2 caA said < CS^Z^ f^^J^T^ "t"*^ 
hoflowfibertoanoutsidediaineterinlhemgefiranabo^ ' b^les ttrou^ Md aiDnnd said sban fibers, to Ix^ 
20|iiiitoabout3mm,awanfhiclaiessinfterangclrom * libeis awash in tabbies; 
aboot5»imtoaboot2imii,aiid,saidfa)erisfani^frama nnprovement compnsing, 

material sdected from the group consistii^ of natural and ^ fibers, said headers and said penncat^' cdlection 

syn&etic polymers, and poTB size In die range from 1000 A means together fonning a skein wberdn said fibers are 

to 10000 A, and, said di^dacement is in the lateral cr '° essentially voticaOy diqjosed and terminal end pcr- 

hodzonlal diiection. tions of individual fibers are potted in proximately 

4. The meudnane device cf claim 3 wherein said tntn»- spaced-q>aitrelationshq> in cored resin; 
manbrmciH«$ure differential is in the range fiom said first header being i5)per and diqwsed in vcrticaUy 
(0^ to diont 175 kRi (25 psO, said fibers arc in the spaced-qwrtrclatfonsh^) above said second header at a 
range&om0.5mto5mlang,andsaidtBtminalendportions fixed distance; 

of«M fibers arc potl^within«rfd mass of thennosca^ each of said fibers having substantially the same length. 

SSTc^^-ir to a depth in the range ^m ^ ^SS^^^'^ 

isiISS^*^t^'^«^"^^ ^ SrS^diSi'^an'Sc^^^iK 

iTSS^ ^."„^^",^"^^f ind^datly the movement rfSb« 

said fibers extend as a skem upwardly fiom a fiber- fiber anZ '"-"i « anomer 

supporting face of each of said headers, each header is a J. ^-.^.ji^- w • ^ 

lectangularprismhaving substantially the same dimensions, .^^T^^ *«»8>»i«««»g«! 

said fibers extend downwardly through the i^ate^ tteontodfadiaigeactauismgffu 

discharging fe« of said boZ^^J^p^t ^ Z^^^^i^^^.^^^Tl^^^^ 

disdiaiBcdiipwardly relative to said upper heJdT^ toab<«t 0.(B s«fc^) m a cdmrn 

«.TlK>memhnmedeviceofclaim4^ES,.,minal ^ ^^SL^^^^i^^ ^ 

end portions of said fibers arc poOed wittrinTiMrrf ^^fibers,movement<rfwhid,isrcstiictedwithin 

thermosetting gmtfaetic resinons matedal to a dqidi in flie . u. 

range from about 1cm to about 5 cm and protnide tfnoi^ ^ wweby said penncate is essential^ cMOimiously wrtti- 

apermeate^sdiargingfiiceof eachsaidteadcrinarance drawn \^iiile concentration of said patticnl at r. matt er in 

from about 0.1 mm to about Ian. said substrate Is increased. 

7. The memfanuie device itfdann 6 «4icmn said open U- gas-scrubbed assenAly of claim 10 wherein said 
ends off fibers arc bounded by a geomelricalty rector distance is adjustable, said gas-distrSntion means 
perietal boundary around flieoalttmost peripheries rfflie ™**™f* ^ distribntion means disposed, one on 
outermost fibers in the boondaiy, and the length of a fiber is ^s»de«rf said sfccin, said gas-«stiibntion means generate 
essentially indqwidentrf the straigth of said fibetOT its ™'^"'»awi« an average diamder in the range fiom about 
^gBoeta: 0.1 mm to about 25 mm wWdi bubbles contact said flbas, 

8. The memhraM device rf claim 7 whiSBin said fibers "*5»t"»o *ar bwqrawy, and UMintai^ 
togedierhavcasnifeceaieainflieran^fr.milOtolO'nr' « <»«nt«aHy free firam boiW-q) of dejwsits of said 

9. ThemembranedeviceafcIahn8vrtie«ansaidfirstand ^"Sf"^^. . 

second headers ae each aiectanguhrpaialld^imed and said J2. Tie gas-scrobbed assembly rfdaunU^toein said 

first header is diijKMedpataM to said second headet ™«wgN»assagcs in said gas-distcibQtion means generate 

M. In a gss-scmbbed assembly conqBisiiK, a micrefil- PwM esmlhea 2erangefrMnlmmto25mminrdativdy 

tration membrane device in combination wifli a eas- clOTcproximay,intterangcfi«milcmtoaboot50cm,to 

dlstribntion means to mhdmize buflitop of potiodate «id fliiw]ghi>assage& 

deposits on the surfaces of hollow fiber in««<Tanf8 -nKsgas-saiibbedasseml^ of daim 10 wherein said 

("fibers") in said device, and to recover permeate fr«n a pocs m flie size range frcm ^ 

mnlticon?K)nent liquid sabstmte while leaving particolate " lectangnlar prism having 
tnattcrflKidn, said memteane device conndsins, » substantial^ flie same dunensions, said gas is an oaygea- 

.multipKdtyoffib.n,unconfinedinTK^module, .""^J^J^s, and said partis 

said fibers togethti having a surface area >lm* said ^<»f^«^vemi»o«gamsnis gr^ 

fibers beinn«ayaKteto said subs^ ^S^fflS JSi^.^T^'^^l'^fTJ^-''^ 

being subject to a transmembianel^r;diffe.«S&d oompnses findy divided inoiganic par- 

in the range frwn about 0.7 kft(aipsO to about 345 ^ ne J? • 

a^SSnrh:^^^^'^''^^ hSL^^SS^S'fi^C'aSS^ 
. '^nSSiStST"^*"^"^ d^ofpattie^n^*^ 

^ddSeaderat-l^rSSheaderhaving.^ « 

^^T^l^Z -'^ saidpexmeate. seat headers, saMflbS 1^ a^Lcmhane prc^ 

^"T"^^ » « differentMin flK;rangefiLiZtoJSo.lS^ 

^rT^SS^^"''****'^''"*"^""'' abont345H^(50^%atotalsu,fil,^>lm^?.S 

means for withdrawing said penneate; and, a length suffidcntly grcata- than the direct distance 
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between oRwsed faces of saa first and second headers, 
soas to prescm said skein in a swayabte configuration 
above a haizontal plane tlirou^ tiie horizontal ccntcr- 
line of a header; 

mounting said headers in fluid-tight open comnuinication 
with coUecticm means to collect said pomeate; 

flowing a fibcTHdeansing gas through a gasndistribution 
means proximately disposed relative to said skein, 

within a zone near the base of said skein, and contact- 
mg surfaces of said fibers with sufSdeat physical 
m^>act of bubbles of said gas to maintam essentially the 
entire length of eadi fiber in said sfcein awash with 
bubbles and essentially ficee firom said boild-up; 
maintaining an essentialty constant flux throu^ said " 
fibers substantially the same as an eqmhTmum flux 
initial^ obtained after commendng opcralion o£ said 
pnx:ess; 

coUecting said permeate in said collection means; and, 

Mdthdrawing said pecmeate, 
the inqxovement comprising, 

infrodudng a cleansing gas in an amoimt in the rai^e 
fonn 0.47-14 cm^/sec per fiber (0.001 sdBmffibcr to 
abort 0.03 sc&n/fibo) to generate a column of said 25 
bubbles alongside and in contact witfi outer surfaces of 
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L17. A method of forming a header fcr a skein of a 
niult5)licity of fibers, comprising, 

filming a stadc rf at least two superin^(x>se^ 
cqplanar and similar arrays, each array comprising a 
diosen nimite of fibers supported on a siqq^^ 
having a fludmcss corrc^ding to a desired lateral 
spacmg between adjacent arrays; 
Mdii^ tfie stack in afirstliquid with terminal p<ytions of 
toe fibers submerged, until the Hquid solidifies into a 
first sh^ lamina, provided that the first liquid is 
ttnrcactive with material of the fibers; 
pourii^a second liquid over the first sh^ lamina to 
embed the fibers to a desired depth, and solidifyinfi the 
second liquid to form a fixing lamina upon the first 

sh^ lamina, the second Hquid also being substan- 
bally unreactive with cither flie material of the fibers ot 
that of the first shaped lamina; 
^'^^.ff?'"^^ headerin vMdi terminal p«tions of 
libeis are potted, the coinposite header coimrisinfi 
a laminate of a fugitive larnina of fugitive maM^and 
a contiguous finished header of fixing lamina; and, 
removing ttie first sh^ lamina without removing a 
POTtoon of the fixing lamina so as to leave the ends of 

me fibers open and iwotruding fiom the aft face of flie 
header, 

v/hexd>y the open cods having a circular aoss-secdon are 
exposed without cutting the fibers J v") -* 



20 



said fibers: - wmiow cuiung me nfters.J v") -* 

d«.lmri«« w ^ «^ Wherein safd Scond liauid 

dcployir^ said skem fibers within said cohimn in an solidification fonns a thermosetting or SopSc 

cs^ntiaUy vertical configuration, with said headm ^ ^^^lesin, and said first liquid tqwnsoJidifij^^ornis 

fixed peed ^relationship ma fixed distance, * '^^^^ ^^h has a mdting point or glass transition tcm- 

^havmgfibers of substantially the same length and *an the melting point or ^s transition 

fiomatlcast0.1%grcatcr;tDabout5%grcaterthansaid f^PPcrature of said synActic rcsinj \q3 

fixed distance, said fiben being indcpcnde^ t^J*<:'»*=<?<>d<rf<^l^ 

aWcfiomsid&to-side witfiin a vertical zone of move- 35 flowable at a tenqjcrature at whidi s^d 

ment witii tenmnal ead potions of individual fibers ^"If ^ '^^'^ sol«Iffi<alion rcinains sofidj vvs 

potol in prorimately spaced-apart ielationshq> in "^"'Li^fl^Kr^^^.^li'^ 



sdidiacatioii is solnhle in a chosen solvent, and sdd s^d 

i««iicting movement of said fib« to said vatical zone AZ!^^t^J^ insoIuMe in said solvent P3 

dfifinMi !«/ to<»»i w oani vcracai zonc \] \ [zi. A headtf m which a mnltiriicatv of hoUmv fitv^ 

by lateral movement of outer fibers in said « <-J^ saffij J^^g^ 

verticafly gas-scrubbing said fibere' outside smfaccs wilh 
bubbles whkAi flow upward in contact wflh said sur- 



a molded body of artttrary sh^ striated in a fixing 
^miM and a fugitive lamina, said fiigitivc l3 

rormed fiom a fugitive potting material and said fixing 
lamina focmed firom a fixing material; ——s 

saidfibcrs having terminal portions fliercof potted in said 
fngitive potting material wbiOx Mvben s<^difiedphtes 
Olds rf said fibers, phigged ends hawig an essentiafly 
circular cross-section, said fiigitive lamma maintaining 

said ends in dosely spaced.^>at substantially parafld 
^eiallonsh^>; 

said fugitive lainum having an aft face towards WW 
plugged ends protrude, and a fore face flnourii which 
said fibers extend vertically; 
said fiigitivc lamina having said fixing lamina adhered 
ther^, said fixing lamina having a tinckncss sufficient 
to maintam saidfibcrs in substantiaUy tfie same spaced- 
^ ^>art ielati<Hidi^ relative to one and anc^ as flie 

i;s2.Theheadcrofclaim21\(tecinsaidfixinglainm 
a cushioning lamina embedding said fibers and coexten- 

siv^ adhered to said fixing lamina, said fixing lamina has 
a toinessmfte range Wabout Shore D50 to Ro^ 
said gas^tribution means generates bubbles havinir «„ Ztt J^ said cudiioning layer has ahardness in tiie range 
av«ge diam^ inftc ^5^^^^^ to « ^ ^ 30 to Shore D 453 , ^ 
about 25 mm.].-] 2> 



maintaining said sinfaces substantially fiee from said 
dqxwits ot particulate matter dudng a pedod «4ien 
q>ecific flux tfarougji said fibets has attained eouilib- 

sSM^aneoody, cssentiaUy continuously, wiihdrawina » 
said penneatc whfle incieasiiig flie concentration rf 
.-,1 r,^'^P^«=^n»terialinsaidsabstartB.l 
^ J^J^ of daim 15 wtiadn each sa& Mkw 

ffl«j«s an outside diamctoin theiange from abow M 
toabont3mm,andawanflricknessintherangefiomabom 55 
5jm to aboutlmm; each saidheadff is formed fiomamass 
Of fliHmasctang or ttetmoplastic synthetic lesinoos mate- 

imU tenmnal end portiais of sad fibeis arc potted wiflun 

said resinous material to a depth in the range from about 1 
cm to about S cm; x 

sdd partiailate matter is selected from the group conslst- 
uig irf muTOorganians and findy divided inorsanic 
particles; and. ®^ 
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spaced-apart relatiohship above said second header, with 
o pposed faces at a pxed distance: 



each of said fibers 



laving substantially the same length, said 



length being from 



between 0.1% to less than 5% greater 



than said fixed distmce so as to permit restricted 



displacement of an 



intermediate portion of each fiber. 



independently of the movement of another fiber: and. 



a gas distribution si^stem having through-passages adapted to 



discharge bubbles Aear to rise through or around the skein of 



fibers, the gas distribution svstem including one or more gas 



tubes which space t le first and second headers apart and 



which also carry air 



to the through-passages. 



24. The device of claim 23 wherein the upper and lower 
headers are cylindrical and the one or more gas tubes are a 
single gas tube located in about the center of the headers. 



25. In a microfiliration membrane device, for withdrawing 



permeate essentials continuously from a multi-component 



liquid substrate while increasing the concentration of 
particulate material tfterein. said membrane device including: 



a multiplicity of hollow fiber membranes, or fibers, 
unconfined in a shell ot a module, said fiber s together having 



a surface area > 1 m^, said fibers being swayable in said 
substrate, said fibers being subject to a transmembrane 



pressure differential in the range from about 0,7 kPa ^0.1 psi'^ 
to about 345 kPa (50 psin and each fiber having length > 0.5 



5,639,373 



37 



relationship mjcured resin: 

said firsft header being upper and disposed in vertically 
spaced-apart relationship above said second header, with 
opposed faces at a fixed distance: 

each of said fibkrs having substantially the s ame length, said 
length being froWi between 0,1% to l ess than 5% greater 
than said fked distance so as to p ermit restricted 
displacement of an intermediate portion of each fiber. 
independently of ithe movement of another fiber. 

the outside! of the membranes in fluid communication 
with the feed zohd of the reservoir: 

c) a pump in fluid communication with the insides of 
the membranes through the permeate collection means, the 
pump operable to slipply a suction to the lumens of the 
hollow fiber membrlnes to draw permeate through the 
membranes: and. I 

(d) a gas distribution means including a plurality of 
through-passages for 'discharging bubbles which rise and 
contact fibers. 1 



27. The device of claim 26 wherein at least some of the 
through-passages have ouflets located within the skein, 

28. The device of claim 26 wherein the headers are 
rectangular in plan view and have about 3fl arravs or less of 
fibers and the outlets of the through-passage s are located to 
the side of the headers. 
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o pposed facesr-at a fixed distance: 

each of said fibfers having substantially the same length, said 
length being froU between 0.1% to less than 5 % greater 
than said fixed distance so as to permit restricted 
displacement of an intermediate portio n of each fiber. 
\ independently ofUhe movement of another fiber: 

walls extending downwards from a lower header of the 
first and second header, the walls being adapted to retain a 
gas below the lower header: and. 

through-passkges for ga s to pass through the lower 
header from an ared below the lower header border ed bv the 
walls. 

30. The device of claim 29 wherein the through passages 
are located such that gas flowing from the area below the 
lower header bordered bv the walls, exits between fibers. 
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23. In a faicrofiltration membrane device, for with drawing 
permeate essentially continuously from a multi-component 
liquid substrate while increasing the concentration of 
particulate mbterial therein, said membrane device including: 
a multiplicity bf hollow fiber membranes, or fibers. 
nnrnnfin ed in a shell of a module, said fibers together having 
a surface area t> 1 m^, said fibers being swayable in said 
substrate, said fibers being subject to a transmembrane 
pressure differential in the range from about 0.7 kPa (OA psi) 
to about 345 kP^ (50 psiV and each fiber having length > 0.5 
meter: 

a first header and a second header having nppn<;ftd terminal 
end portions of each fiber sealingly secured therein, all open 
ends of said fibers extending from a permeate-discharging 
face of at least one header: 



permeate-collectic n means to collect said permeate, sealinglv 



connected in opei 



fluid communication with a 



permeate-discharging face of each of said headers: 



and, means to withdraw said permeate: 



the improvement Comprising. 

said fibers, said hekders and said permeate collection meas 
to gether forming aWertical skein wherein said fibers are 
essentially vertically disposed and terminal end portions of 
individual fibers are potted in proximately spaced-apart 
relationship in cured resin: 
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metfer: 



a fit St header and a second header ha\dng opposed terminal 



end toortions of each fiber sealingly secured therein, a ll open 
ends\of said fibers extending from a perme ate-discharginp 
face bf at least one header: 

permAate-coUection means to collect said per meate, sealinglv 
conneaed in open fluid communication with a 
permeaVe-discharging face of eac h of said headers: 
and, means to withdraw said permeate: 
the improvement comprising. 

said fibersi said headers and said permeat e collection meas 
together fanning a vertical skein wherein said fibers are 
essentially Viprticallv disposed and termina l end portions of 
individual fitters are potted in proximately spaced-apart 
relationship im cured resin: 

said first headW being upper and disposed in vertically 
spaced-apart relationship above said second header, with 
o pposed faces a\ a fixed distance: 

each of said fibe^ having substantially the sa me length, said 
length being from\ between 0,1% to less than 5% greater 
than said fixed dismnce so as to permit restricted 
displacement of an intermediate portion of each fiber, 
independently of the\ movement of another fiber, 
wherein the headers are rectangular in plan view and the 
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multicompoiient liquid substrate comprising. 

(a^ ajreservoir under essentially ambient pressure 
having a feefl zone for containing a substrate: 

(b^ a microfiltration membrane de\dce. for 
withdrawing pWmeate essentially continuously from the 
multi-compondnt liquid substrate while increasing the 
concentration of particulate material therein, said membrane 
device including^ 

a multiplicity of noUow fiber membranes, or fibers, 
unconfined in a shell of a module, said fibers together having 
a surface area > A n^. said fibers being swav able in said 
substrate, said fibels being subject to a transm embrane 
pressure differential in the range from about 0.7 kPa (0.1 psi) 
to about 345 kPa (50 psiV and each fiber having length > 0.5 
meter; 1 

a first header knd a second header having opposed 
terminal end portions of each fiber sealingly secured therein, 
all open ends of said pbers extending fi-om a 
permeate-discharging Iface of at least one header: 
permeate-coUection mfeans to collect said per meate, sealinglv 
connected in open fluip communication with a 
permeate-discharging race of each of said headers: 
and, means to withdraAV said permeate: 

said fibers, said headers and said permeate collection 
meas together forming a vertical skein wherein said fibers are 
essentially vertically disposed and terminal end portions of 
individual fibers are potted in proximately spaced-apart 
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29. In a mict-ofiltration membrane device, for withdrawing 



liquid substrate 



permeate essentially continuously from a multi-component 



while increasing the concentration of 



particulate matddal therein, said membrane device in cluding: 
a multiplicity of hollow fiber mem branes, or fibers. 
unconfined in a shell of a module, said fibers togethe r having 
a surface area > i m^, said fibers being swayable in said 
substrate, said fibCTS being subject to a transmembrane 
pressure differenti^ in the range from abou t 0.7 kPa (0.1 psi'^ 
to about 345 kPa (80 psiV and each fiber hav ing length > 0.5 
meter: 

a first header Wd a second header ha ving opposed 
terminal end portions\of each fiber sealingly secured therein, 
all open ends of said fibers extending from a 
permeate-discharging face of at least one header: 

permeate-coUectlon means to collect said permeate, 
sealinglv connected in oien fluid communication with a 
permeate-discharging face of each of said headers: 
and, means to withdraw skid permeate: 
the improvement comprisimg. 

said fibers, said headers and said per meate collection 
meas together forming a vertical skein wherein said fibers are 
essentially verticallv disposed and termina l end portions of 
individual fibers are potted in\proximately spaced-apart 
relationship in cured resin: A 

said first header being upper and disposed in vertically 
spaced-apart relationship abovevsaid second header, with 



